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1. A process for separating a terpene trilactone from Ginkgo 
biloba plant material or from an extract of Ginkgo biloba 
comprising a mixture of terpene trilactones, the process 
comprising the steps of: 

a) subjecting the Ginkgo biloba plant material or 
the extract to column chromatography with an 
appropriate solvent system to produce at least 
a first fraction containing the terpene 
trilactone bilobalide, a second fraction eluted 
after the first fraction containing the terpene 
trilactones GA and GB, and a third fraction 
eluted after the second fraction containing at 
least a preponderance of the terpene 
trilactones GC and GJ; and 

b) alkylating the terpene trilactone GB of the 
second fraction so as to produce a first 
* mixture including terpene trilactone GA and 
alkylated terpene trilactone GB; or alkylating 
the terpene trilactone GC of the third fraction 
so as produce a second mixture including 
terpene trilactone GJ and alkylated terpene 
trilactone GC, so as to thereby isolate a 
terpene trilactone . 

2. The process pf claim 1, wherein in step a), the solvent 
system is hexane/ ethyl acetate or petroleum ethers /ethyl 
acetate . 
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3. The process of claim 1, further comprising triturating 
the first fraction with a suitable solvent to produce the 
terpene trilactone bilobalide in at least 95% purity. 

4. The process of claim 3, wherein the teirpene trilactone 
bilobalide is produced in at least 98% purity. 

5. The process of claim 3, wherein the suitable solvent is 
ethyl ether . 

6. The process of claim 1/ wherein the alkylation of the 
terpene trilactone GB of the second fraction comprises 
the steps of : 

a) removing solvent from the second fraction so as 
to produce a first residue containing at least 
a preponderance of terpene trilactones GA and 
GB; 

b) admixing the first residue in a suitable polar 
solvent with a suitable base and R-Br, 

where R is a substituted or unsubstituted, 
straight-branched, or cyclic alkyl, or - 
CH(2-5)-Ar, 

where Ar is an aromatic group, 

so as to produce a first reaction mixture; 

c) q[uenching the first reaction mixture of step b) 
with a suitable acid; 
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d) extracting the product of step c) with a first 
suitable solvent so as to produce a composition 
comprising terpene trilactone GA and. alkylated 
tearpene trilactone GB; and 

e) triturating the product of step d) with a 
second suitable solvent, thereby isolating the 
terpene trilactone GA in at least 95% purity 
and producing a filtrate containing alkylated 
terpene trilactone GB. 



7. The process of claim 6, wherein in step e) the terpene 
trilactone GA is isolated in at least 98% purity. 



8. The process of claim 6, 

wherein in step a), the solvent is . removed under 
vacuum; 

wherein in step b) , the suitable polar solvent is 
DMF, the suitable base is K2CO3 oX CS2CO3/ and R-Br is 
benzyl bromide; 

wherein in step c) , the suitable acid is HCl; 

wherein in step d) , the first suitable solvent is 
ethyl acetate; and 

wherein in step e) , the second suitable solvent is 
chlorof orm- 

9. The process of claim 6, further comprising the steps of: 
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concentrating the filtrate of step e) iinder 
vacuum to produce a concentrated filtrates- 
subjecting the concentrated filtrate to colvimn 
chromatography with a suitable solvent system, 
thereby separating alkylated teirpene trilactone 
GB from residual terpene trilactone GA; and 

deprotecting the alkylated terpene trilactone 
GB of s.tep g) by catalytic hydrogenation, 
thereby obtaining the terpene trilactone GB in 
at least 95% purity. 

10. The process of claim 9, wherein in step h) the terpene 
trilactone GB is obtained in least 98% purity. 

11. The process of claim 9, wherein the suitable solvent 
system in step g) is hexane/ethyl acetate or petroleum 
ethers /ethyl acetate. 

12. The process of claim 1, wherein the alkylation of the 
terpene trilactone GC of the third fraction comprises the 
steps of: 

a) removing solvent from the third fraction so as 
to produce a second residue containing at least 
a preponderance of terpene trilactones GJ and 
GC; 

t>) admixing the second residue in a suitable polar 
solvent with a suitable base and R-Br, 
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where R is a substituted or \xns\ibstitued, 
straight-chained or branched, or cyclic 
alkyl, or -CH(2-5)-Ar, 

where Ar is an aromatic group, 

so as to produce a second reaction mixture; 

c ) quenching the second reaction mixture of step 
b) with a suitable acid; 

d) extracting the product of step c) with a 
suitable solvent so as to produce a composition 
comprising terpene trilactone GJ and alkylated 
terpene trilactone GC; 

e) subjecting the product of step d) to coliamn 
chromatography with a first suitable solvent 
system, thereby separating alkylated terpene 
trilactone GC from terpene trilactone G J , and 
providing terpene trilactone GJ in at least 85% 
purity; and 

f ) recrystallizing terpene trilactone GJ from step 
e) with a second suitable solvent system, 
thereby providing terpene trilactone GJ in at 
least 95% purity. 

13 . The process of claim 12 , 

wherein in step a) , the solvent is removed under 
\7-acuum; 
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wlierein in step b) , the suitable polar solvent is 
DMF, the suitable base is K2CO3 or CS2CO3/ and R-Br is 
benzyl bromide ; 

wherein in step c) , the acid is HCl; 

wherein in step d) , the solvent is ethyl acetate; 

wherein in step e) , the first suitable solvent 
system is hexane/ethyl acetate or petroleum 
ethers /ethyl acetate; and 

wherein in step f ) , the second suitable solvent 
system is ethanol /water . 

14. The process of claim 1, further comprising the step of 
deprotecting the alkylated terpene trilactone GC of the 
third fraction by catalytic hydrogenation in a suitable 
solvent, thereby obtaining the terpene trilactone GC in 
at least 95% purity. 

15. The process of claim 14, wherein the terpene trilactone 
GC is obtained in at least 98% purity. 

16. The process of claim 14, wherein the suitable solvent is 
ethanol • 

17. A composition comprising terpene trilactones GA and GB of 
step a) of claim 6. 

18. A composition comprising: terpene trilactone GA cm.d 
alkylated terpene trilactone GB of step d) of claim 6 . 
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19 . A composition comprising terpene trilactones GC and GJ of 
step a) of claim 12. 

20. A composition comprising alkylated terpene trilactone GC 
and terpene trilactone GJ present of step d) of claim 12 . 

21. A product prepared by the process of step a) of claim 6-. 

22. A product prepared by the process of step d) of claim 6. 

23. A product prepared by the process of step a) of claim 12. 

24. A product prepared by the process of step d) of claim 12. 

25. A process for separating a mixture of terpene trilactones 
GA and GB comprising the steps of: 

a) dissolving the mixture in a suitable solvent; 

b) adding- benzyl bromide and a suitable base to 
the mixture, thereby preferentially benzylating 
terpene trilactone GB; 

c) separating benzylated terpene trilactone GB 
from terpene trilactone GA by column 
chromatography; and 

d) deprotecting benzylated terpene trilactone GB 
by catalytic hydrogenation. 

26- A process for separating a mixture of terpene trilactones 
GC and GJ comprising the steps of: 

a) dissolving the mixture in a suitable solvent; 
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b) adding benzyl bromide and a suitable base to 
tbe mixture, thereby preferentially benzylating 
terpene trilactone GC; 

c) separating benzylated terpene trilactone GC 
from terpene trilactone GJ by colinnn 
chromatography; and 

d) deprotecting benzylated terpene trilactone GC 
t>y catalytic hydrogenation. 

27. A process for separating a terpene trilactone from Ginkgo 
biloba plant material or an extract of Ginkgo biloba 
comprising a mixture of terpene trilactones, the process 
comprising the steps of: 

a) subjecting the Ginkgo biloba plant material or 
the extract to column chromatography with 
liexane/ethyl acetate" to produce at least a 
first fraction containing the terpene 
trilactone bilobalide, a second fraction eluted 
after the first fraction containing the terpene 
trilactone GA and GB, and a third fraction 
eluted after the second fraction containing at 
least a preponderance of the terpene 
trilactones GC and 6J; 

b) r-insing the first fraction of step a) with 
ethyl ether to produce the terpene trilactone 
t>ilobalide in at least 98% purity; 

c) removing solvent xinder vacuum from the second 
fraction in step a) so as to produce a first 

-46^ 



wo 2005/046829 



PCT/US2004/037412 



residue containing at least a preponderance of 
terpene trilactones GA and GB; admixing the 
first residue in DMF with. K2CO3 and benzyl 
bromide, thereby producing a first reaction 
mixture; quenching the first reaction mixture 
with HCl , thereby producing a first quenched 
product; extracting the first quenched product 
with ethyl acetate, thereby producing a first 
extracted, product; and triturating the first 
extractecd product with chloroform, thereby 
isolating- the terpene trilactone GA in at least 
98% purity and producing a filtrate; 

d) concentrating the filtrate of step c) under 
vacuum to produce a concentrated filtrate; 
subjecting the concentrated filtrate to column 
chromatography with hexane/ ethyl acetate, 
thereby separating benzylated terpene 
trilactone GB from residual terpene trilactone 
GA; deprotecting the separated terpene 
trilactone GB by catalytic hydrogenation, 
thereby obtaining terpene trilactone GB in at 
least 98% purity; 

e) removing solvent under vacuum from the third 
fraction of step a) so as to produce a second 
residue containing at least a preponderance of 
terpene trilactones GJ and GC; admixing the 
second residue in DMF with K2CO3 and benzyl 
bromide, thereby producing a second reaction 
mixture; c[uenching the second reaction mixture 
with HCl , thereby producing a second quenched 
product; extracting the second quenched product 
with ethyl acetate, thereby producing a second 
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extracted product; subjecting the second 
extracted product to colximn chromatography with 
hexane/ethyl acetate, thereby separating 
benzylated terpene tri lactone GC from terpene 
trilactone GJ", providing terpene trilactone GJ 
in at least 85% purity; recrystallizing terpene 
trilactone GJ" with ethanol /water, thereby 
proviciing. terpene trilactone GJ in at least 98% 
puritv; and 



f) deprotecting the benzylated terpene trilactone 
GC o£ step e) by catalytic hydrogenation in 
ethanol, thereby obtaining terpene trilactone 
GC in at least 9 5% purity. 

28. The process of claim 21, wherein terpene trilactone GJ in 
step g) is provided in at least 90% purity. 

29. The process of claim 27, wherein terpene trilactone GC in 
step f) is obta±ned in at least 98% purity. 



30. A process for obtaining terpene trilactones from Ginkgo 
biloba plant material or an extract of Ginkgo biloba 
comprising a mi^cture of terpene trilactones, the process 
comprising the steps of: 

a) extracting the Ginkgo biloba plant material or 
the Gxnkgo biloba extract with a first suitable 
solvent to produce a first residue and a first 
filtrate; extracting the first filtrate with a 
seconci suitable solvent to produce a second 
residue and a second filtrate; 

b) subjecting the second filtrate to column 
chromatography with a first chromatography 
system to obtain Bilibalide; 
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c) 



extracting the second residue with a third 



suitable solvent to obtain terpene trilactone 
Ginkgolide B (GB) and a third filtrate; 

d) sxibjecting the third filtrate to column 
chromatography with a second chromatography 
system to produce a first fraction containing 
terpene trilactone Ginkgolide A (GA) and GB and 
a second fraction containing terpene trilactone 
Ginkgolide C (GC) and terpene trilactone 
Ginkgolide J (GJ) ; 

e) subjecting the first fraction to iterative 
extractions with a fourth suitable solvent to 
separate GA and GB; and 

f) subjecting the second fraction to column 
chromatography with a third chromatography 
system to separate GC and GJ, 

thereby obtaining terpene trilac tones, Bilibalide, GA, 
GB, GC cuad GJ isolated from each other and from the 
Ginkgo biloba plant material or the extract of Ginkgo 
biloba . 



31. The process of claim 30, wherein the first suitable 
solvent is ethyl acetate. 



solvent is diethyl ether. 

33. The process of claim 30, wherein the third suitable 
solvent is methanol. 

34. The process of claim 30, wherein the fourth suitable 
solvent is methsuiol . 



32. The process of claim 30, 



wherein the second suitable 
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35. The process of cla.im 30, wherein the first chromatography 
system comprises tiexanes/ ethyl acetate. 



36. The process of claim 30, wherein the second 
chromatography system comprises hexanes/ acetone. 

37. The process of claim 30, wherein the second 
chromatography system comprises diethyl ether/methanol . 

38. The process of claim 30, wherein subjecting the second 
filtrate to chromatography comprises the steps of: 

a) concent crating the second filtrate to produce a 
second concentrated filtrate; 

b) subject±ng the second concentrated filtrate to 
column chromatography with hexanes /ethyl 
acetate to produce a fraction containing the 
terpene trilactone Bilibalide; and 

c) removing- the solvent from the fraction of step 
b) thereby obtaining the terpene trilactone 
Bilibalide. 

39. The process of claim 30, wherein subjecting the third 
filtrate to chromatography comprises the steps of; 

a) concentrating the third filtrate to produce a 
third concentrated filtrate; and 

b) subjecting the third concentrated filtrate to 
column chromatography with hexanes /acetone to 
produce a first fraction containing a mixture 
of terpene trilac tones Ginkgolide A (GA) and GB 
and a second fraction containing a mixture of 
terpene trilac tones Ginkgolide C (GC) and 
Ginkgolide J (GJ) . 
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40. The process of claim 30, wherein extracting the fraction 
containing a mixture of GA and GB with a fourth suitable 
solvent to olDtain GA and GB comprises the steps of: 

a) removing the solvent from the fraction to 
produce a residue; 

b) extracting the residue of step a) with methanol 
to produce a filtrate and GB; 

c) concentrating the filtrate of step b) to 
produce a concentrated filtrate of step b) ; 
admixing the concentrated filtrate of step b) 
with methanol and filtering to produce a GB 
enriched residue and a filtrate ; 

d) concentrating the filtrate of step c) to 
produce a concentrated filtrate of step c) ; 
admixing the concentrated filtrate of step c) 
with methanol and filtering to produce a GA 
enriched residue and a filtrate; 

e) concentrating the filtrate of step d) to 
produce a concentrated filtrate of step d) ; 
admixing the concentrated filtrate of step d) 
with methanol and crystallizing to produce GA; 

f) admixing the GB enriched residue of step c) and 
the GA residue of step d) to produce a first 
residue mixture, which is enriched in GA smd 
GB; admixing the first residue mixture with 
methanol and filtering to produce GB and a 
filtrate; 

g) concentrating the filtrate of • step f ) to 
produce a concentrated filtrate of step f ) ; 
admixing the concentrated filtrate of step f) 

. witb methanol and filtering to produce GA and a 
filtrate; 

h) concentrating the filtrate of step g) to 
produce a concentrated filtrate of step g) ; 
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admixing the concentrated filtrate of step g) 

with meth.anol and crystallizing to produce GA, 
i) collecting GA from steps e) , g) , and h) , 

thereby obtaining GA; and 
3 > collectirxg the terpene trilacton GB from steps 

b) , and f), thereby obtaining GB. 

41. The process of claim 30, wherein subjecting the fraction 
containing GC and GJ to chromatography comprises the 
steps of : 

a) concent rating the fraction to produce a 
concentrated fraction ; 

b) subjecting the concentrated fraction to column 
chromatography with diethyl ether/methanol to 
produce a GC containing fraction and a GJ 
containing fraction; 

c) removing the solvent from the GC containing 
fraction thereby obtaining GC; and 

d) removing the solvent from the GJ containing 
fraction thereby obtaining GJ. 

42. A process for obtaining terpene trilactones from Ginkgo 
biloba plant mateirial or an extract of Ginkgo biloba 
comprising a mixture of terpene trilactones, the process 
comprising the steps of: 

a) extracting the Ginkgo biloba plajat material or 
the Ginkgo biloba extract with ethyl acetate to 
produce a first residue and a first filtrate; 

b) concentrating the first filtrate of step a) to 
produce a concentrated first filtrate; 
extracting the concentrated first filtrate with 
diethyl ether to produce a second residue and a 
second fxltrate; 
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c) concentr-ating the second filtrate of step b) to 
produce a second concentrated filtrate; 
subjecting the second concentrated filtrate to 
column chromatography with hexanes /ethyl 
acetate to produce a fraction containing the 
terpene trilactone Bilibalide; 

d) removing the solvent from the fraction of step 
c) thereby obtaining the terpene trilactone 
Bilibalide; 

e) admixing the second residue of step b) with 
• methanol and filtering to prociuce a third 

filtrate and the terpene trilactone Ginkgolide 
B (GB) ; 

f) concentrating the third filtrate of step e) to 
produce a third concentrated filtrate; 
sxibjecting the third concentrated, filtrate to 
column chromatography with hexanes /acetone to 
produce a first fraction containing a mixture 
of terpene trilac tones Ginkgolide A (GA) and GB 
and a second fraction containing a mixture of 
terpene trilactones Ginkgolide C (GC) and 
Ginkgolide J (GJ) ; 

g) removing the solvent from the second fraction 
of step f ) to produce a tliird residue; 
subjecting the third residue to column 
chromatography with diethyl ether/methanol to 
produce third fraction containing GC and a 
fourth fraction containing GJ; 

h) removing the solvent from the third fraction of 
step g) to thereby obtain GC; 

i) removing the solvent from the fourth fraction 
of step b) to thereby obtain GJ; 

j ) removing the solvent from the first fraction of 
step f) to produce a fourth residue; extracting 
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the fourth residue with methanol to produce GB 
and a fourth filtrate; 

concentrating the fourth filtrate of step j) to 
produce a fourth concentrated filtrate; , 
admixing the fourth concentrated filtrate with 
methanol and filtering to produce a fifth 
residue, which residue is GB enriched and a 
fifth filtrate; 

concentrating the fifth filtrate of step k) and 
to prociuce a fifth concentrated filtrate; 
admixing the fifth concentrated filtrate with 
methanol and filtering to produce an sixth 
residue, which is GA enriched and a sixth 
filtrate ; 

concentrating the sixth filtrate of step 1) to 
produce a sixth concentrated filtrate; admixing 
the sixth concentrated filtrate with methanol 
ajid crystallizing to produce GA; 

admixing the fifth residue of step k) and the 
sixth residue of step 1) to produce a first 
residue mixture, which is enriched in GA and 
GB; admixing the first residue mixture with 
methanol and filtering to produce GB and a 
seventh filtrate; 

concentrating the seventh filtrate of step m) 
to prociuce a seventh concentrated filtrate; 
admixing the seventh concentrated filtrate with 
methanol and filtering to produce an eighth 
residue, which contains GA and an eighth 
filtrate; 

concentrating the eighth filtrate of step o) to 
produce a eighth concentrated filtrate; 
admixing the eighth concentrated filtrate with 
methonal and crystallizing to produce GA, 
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q) collecting the GA from steps m) ^ o) , and p) , 

thereby obtaining GA; and 
r) collecting the GB from steps e) , j), and n) , 

thereby obtaining GB, 
thereby obtaining terrpene trilactones . 

43. A process for separating each of Bilibalide, Ginkgolide 
A, (GA) , Ginkgolide B, (GB) , Ginkgolide C, (GC) , and 
Ginkgolide J, (GJ) from a mixture of terpene trilactones 
(TTL) , wherein the separation is achieved through non- 
covalent interaction with the mixture of TTLs . 

44. A process for isolating bilibalide from a mixture of 
terpene trilactones (TTL) wherein the mixture comprises 
Bilibalide, Ginkgolide A, (GA) , Ginkgolide B, (GB) , 
Ginkgolide C, (GC) , and Ginkgolide J, (GJ) , the process 
comprising the steps of : 

a) extracting tlie mixture of TTLs with diethyl 
ether solvent to produce a residue tod a 
filtrate; and. 

b) subjecting the filtrate to column 
chromatography with a hexanes /ethyl acetate 
solvent system to thereby isolate Bilibalide 
from the mixture of TTLs . 
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